CES
Cold Both district heating and solar collector systems have been known and implemented for many 26 years. However, the combination of the two, with solar collectors supplying heat to the district 27 heating network, is relatively new and no comprehensive review of scientific publications on 28 this topic could be found. Thus, this paper summarises the literature available on solar district 29 heating, and presents the state of the art and real experiences in this field. Given the lack of a 30 generally accepted convention on the classification of solar district heating systems, this paper 31 distinguishes centralized and decentralized solar district heating as well as block heating. For 32 the different technologies, the paper describes commonly adopted control strategies, system 33 configurations, types of installation and integration. Real-world examples are also given, to 34 provide a more detailed insight into how solar thermal technology can be integrated with 35 district heating. Solar thermal technology combined with thermally driven chillers to provide 36 cooling for cooling networks is also included in this paper. In order for a technology to spread 37 successfully, not only technical but also economic issues need to be tackled. Hence, the paper 38 identifies and describes different types of ownership and financing schemes currently used in 39 this field.
INTRODUCTION 41
District heating (DH) has been used as an efficient method to generate and distribute heat 42 commercially for many years now. The world's oldest operational DH system is located in 43
Chaudes-Aigues, France. It was put in operation in the 14 th century, utilizing geothermally 44 heated water. However, the first commercial system was developed in Lockport (USA) in 45 1877, utilizing steam as a heat carrier [1] . The first DH systems in Europe and Russia were 46 installed during the 1920s and '30s, all with the aim of reducing the fuel demand and 47 delivering heat more efficiently. This aim was further emphasized by including DH in the new 48 national energy policies adopted by many countries during the oil crises in the '70s [2] . 49 Nowadays, around 9% of the total heating needs in Europe are supplied by community and 50 district heating systems [4] . 51 On the other hand, the networks used to transport cooling are known as District Cooling 52 systems (DC). The first known DC was installed in Denver, Colorado (USA) in 1889. 53 Currently DC are well established in North America and the number of systems is increasing 54 in Europe [3] . 55 56 57
Similarly, solar energy has been harnessed to provide heat mainly for hot water and space 58 heating for a long time. However, the combination of the two, using solar collectors to 59 provide heat into a DH network is relatively new and has been demostrated sucessfully [5] . 60 The first ST plants for DH date back to the late 1970s in Sweden. Since then, others plants 61 have been installed mainly in Denmark, Germany, Austria and Sweden [6] . 62 63
After a few decades of development and demonstration propelled by incentives [7] , solar 64 thermal has now become fully commercial without subsidies in Denmark [8] . Over the years, 65 a number of scientific publications have dealt with this topic and, since 2009, the EU projects 66
SDHtake-off, SDHplus and SDHp2m have promoted the spread of this technology, leading to 67 a comprehensive set of guidelines and a website. In addition, there are and have been expert 68 groups within the International Energy Agency Solar Heating and Cooling Programme 69 dealing with this topic, e.g. Task 45 , Task 55 (2016-20 75 with borehole thermal energy storage was recently addressed and reviewed in [14] . Despite 76 the scientific dissemination aforementioned, there is no comprehensive review of scientific 77 publications dealing specifically with the integration of solar thermal energy in district 78 networks. The last attempts to review solar thermal assisted district heating plants were made 79 several years ago and the scope of all them is limited. 80 81 Thus, the main objective of this paper is to provide a comprehensive review of the body of 82 literature available for the use of the solar thermal (ST) energy in DH networks. The paper 83 presents an overview of solar district heating and cooling separated into four different types of 84 system. These installations have in common the harvest of solar thermal energy with solar 85 collectors and the connection to a thermal district network to deliver that energy to the load. 86 The paper addresses centralized and decentralized SDH, block heating and solar district 87 cooling systems including as well their control and integration. 88
This work considers solar collectors and energy storage as the two main elements in a solar 89 district network system. Thus, the two main types of mounting for the solar collector field are 90 discussed in this work. In the same way, the alternatives of energy storage are explained along 91 with their main features. 92
The paper starts with a general overview of SDH itself addressing the history of the use of 93 heat in DH networks, introducing the background in solar thermal use in DH as well as 94 defining and describing the typologies for different types of systems. There are then chapters 95 on District Heating (with both centralized and decentralized collector fields), Block Heating 96
and District Cooling, each with an example to give a more detailed insight into state-of-the-art 97 systems and technology. The two main components in the systems, collectors and storage, are 98 dealt with in separate chapters before other aspects and trends are discussed. 99
GENERAL OVERVIEW OF SDH 100

District Heating
101
Fundamentally, the underlying idea of the DH concept is to recycle heat that would otherwise 102 go to waste, enabling a more efficient use of primary energy and hence, natural resources. 
169
There are three parts to consider when including ST into a system: 170
• the solar circuit itself (collector, piping, pump, valves and expansion vessel), 171
• the integration of the solar circuit into the overall system and 172
• the flow control in the solar circuit and the control of the rest of the DH system. 173
The solar circuit itself can, in principle, have the same design for all types of system typology 174 for DH, but practical details vary depending on whether the collector is ground or roof 175 mounted. The main differences between typologies are in system integration, and many 176 different options have been studied. The flow control in the collector circuit is dependent on 177 this system integration, but only two strategies are used in practice: constant, normally high 178 flow rate to maximize solar gain; matched flow so that the collector field supplies a desired 179 temperature, normally the supply temperature in the DH network. 
CENTRALIZED SDH SYSTEMS 206
In centralized SDH systems, the solar collector field is usually installed close to the main DH 207 plant, which hosts the auxiliary energy system (Figure 3 capacity is planned, to completely replace the use of natural gas in the future. Figure 4 shows 248 a schematic of the current plant. The control strategy of the entire plant aims at minimizing 249 the heat production cost and maximizing the income from selling the electricity produced by 250 the gas engines. Consequently, the ST system has the highest priority of operation whenever 251 possible, as it delivers almost free heat. Gas engines are run when the electricity prices make 252 their operation profitable. The plant is run differently depending on the season. In winter, the 253 return of the DH network is supplied directly to the large tank, while the small tank is used to 254 discharge the borehole storage. In spring, the large tank is progressively charged and, when it 255 is full, the plant switches to "summer mode" and the DH return goes into the small tank. 256
When the large tank is more than 50% charged, some of its water is extracted and sent to the 257 borehole storage to charge it and then returned to the connection between the two tanks. The 258 heat pump and the electric boiler are turned on when the electricity price is very low. When it 259
is not suitable to use the above mentioned technologies or they cannot cover the heat demand, 260 gas boilers are turned on. provided by the solar collector field, 58% by the gas boilers, 20% by waste heat of the gas 268 engines and 7% by the electric boiler. Negligible contribution came from the heat pump and 269 borehole storage, most likely because a borehole storage needs a couple of years of charging 270 before being able to release useful energy. In the months of July and August, solar energy 271 covered more than 70% of the total heat demand and the gas boilers were barely used. The 272 yearly energy output of the solar collector fields was 435 kWh/m 2 and had an average 273 efficiency of 36% [33] . 274
Economy 275
The costs of the main components added during the extension in 2012 are shown in Table 2 . 276
The collector field represented the main voice of expense, with a specific cost of about 300 277 €/m 2 including land and pipes. The borehole storage had a cost of about 50 € per cubic meter 278 of water equivalent. 279 280 
282
Based on the decrease in the average installation price in the last years (see Figure 13 ), the 283 cost of a solar collector field with similar characteristics to Braedstrup can be expected to be 284 10% -15% lower (specific cost of 240 €/m2 [34]) if installed in 2016. In addition, the 285 borehole storage would likely have a lower cost due to experience acquired with this type of 286 installation. However, precise costs cannot be estimated because of the lack of new 287 installations of this type in the last years. 288
DECENTRALIZED (FEED-IN) COLLECTOR FIELDS 289
In this article a ST system that is connected to a DH network outside the main heating plant is 290 classified as a decentralized system, even when the distance from the feed-in point to the main 291 pumps in the DH system is only some meters [35] . The collector field is normally roof-292 mounted, but systems with ground-mounted collectors also exist. Nearly all decentralized ST 293 systems are connected to existing DH networks. 294
Unlike centralized system, decentralized plants are often, but not necessarily, located where 295 there is a load and thus an existing DH substation. 296
Decentralized systems can be connected to the DH network in different ways ( Figure 5 ). The 297 most common connection is Return/Supply (R/S), where water from the return DH pipe is 298 heated up and pumped back into the supply pipe. If there is an existing substation at the feed-299 in site, no new service pipes to the DH network are required. The flow in the service pipes 300 between the substations and the DH network can flow in both directions, the direction being 301 dependent on the heat balance between the solar heat feed-in and the required heat at the load 302 substation. 303
If a Return/Return (R/R) feed-in system is connected to the DH network at the same place as a 304 substation, the normal supply and return service pipes are not sufficient. As shown in Figure  305 5, a third pipe, taking the solar heated water back to the DH return pipe, is required. The R/R 306 connection also increases the return temperature of the network, which is undesirable in many 307 DH systems. If the central heating plant includes CHP, heat pumps, ST and exhaust gas 308 condensation, the efficiency of these production units decreases if the return temperature 309 increases. Conversely, if the central heat production unit is not affected by higher return 310 temperatures, this issue of decreased efficiency does not occur, as long as the heat load is 311 higher than the lowest recommended load of the heat production unit. This is one of the main 312 reasons why the R/R connection is less common than R/S connection. However, the control in 313 an R/R connection is simpler, as it can use a constant flow rate, whereas in an R/S connection 314 the feed-in flow rate is varied to maintain a certain supply temperature to the network, which 315 is specified by the network operator. 316
Theoretically, supply/supply (S/S) and supply/return (S/R) connections are also possible, but 317 these present some disadvantages and are only used in exceptional circumstances, such as to 318 avoid overheating in the collector field. Hence, they are not covered in this article. 319 320 321
Figure 5: The most common ways to connect decentralized ST systems to the DH network. 322
In Sweden, the first R/S systems were built in 2000 in conjunction with the building 323 exhibition Bo01in Malmö. Since then, around 30 R/S systems have been built in Sweden. 324
Twenty-two of these plants, varying in size from 42 to 1128 m 2 collector area, are analysed in 325
[36]. The authors conclude that several of the plants were not performing as well as planned. 326
Some had maintenance issues, while others had been working reliably and as expected. There 327 were several different designs, mostly in terms of control of the temperature supplied to the 328 DH network. Some R/S substations had been designed by consultants and built on site, while 329 several were supplied as pre-fabricated substations, sized according to the collector area. 330 Lennermo et al. [37] found that some of the systems had large variations of outlet temperature 331 in the collector loop and feed-in heat power over time. The variations have also been found in 332 R/S feed-in systems with heat generation systems other than solar. Flow and heat power 333 variations in the feed-in system can cause problem in the DH network, especially if the feed-334 in system is large. If the feed-in system is small compared to the DH system, problems are 335 less common. The problem with temperature and heat power variations is more difficult to 336 solve if the differential pressure is high and the feed-in flow is low or it has a large variation 337 due to the characteristics of the heat power generation, as it is in a ST system [38] . 338
Hassine and Eicker [39] studied R/R, R/S and S/S connections through simulation of the DH 339 network of the Scharnhauser Park (Germany) with 584 consumers. They focused on the ST 340 contribution and on the impact of the geographical location of the ST in the DH system on 341 heat users, not located near the ST, and on the central plant. They conclude that the R/R 342 connection was the most efficient option from a ST heat production point of view, but also 343 that the S/S connection could give benefits, if the ST system was located near the edge of the 344 network, where the supply temperature is lower compared to near the centre of the network 345 due to heat losses. Hassine and Eicker [40] also studied control aspects of the main DH pump 346 in a network with ST system with R/S connection. They found that pressure control using a 347 limited number of pressure sensors was not reasonable, whereas volume control was. 348
In Austria, the company Solid has installed large decentralized solar plants in Graz The local DH system comprises a central heating plant with a 250 kW wood pellet boiler and 501 four substations. Each substation supplies a part of the housing estate and is connected to its 502 own collector array (see Figure 8 ). In the central heating plant and in each substation there are 503 buffer storage tanks. There are 108 m 2 evacuated tube solar collectors on the heating plant and 504 570 m 2 flat plate roof-integrated solar collectors in connection to the substations (see Figure  505 7). The distribution networks from the four substations to the dwellings are of Grudis type 506 [54] , which essentially is a DHW circulation loop with direct connection to the houses. The 507 floor heating in the houses is a part of this loop and. To avoid risk of legionella, the entire 508 loop is maintained between 50 °C and 60 °C. For this reason, there is no flow control in the 509 floor heating loop. This results in a very simple and cost-effective heating system, as well as a 510 simple distribution network with plastic pipes. However, as the buildings are passive houses, 511 the energy density of the network is low. The authors report that the 2014 monitored data for 512 substation 1, with 142 m 2 collector area supplying 19 single family houses, show that the 513 combined losses for the substation itself and the DHW circulation loop were 24% of the total 514 demand (SH, DHW and losses). The specific collector yield for the collectors connected to 515 substation 1 was 299 kWh/m 2 /year resulting in a solar fraction of 31%, with 90% of the solar 516 heat supplied from the collectors connected to the substation and only 10% coming from the 517 collectors at the main boiler plant. 518 519
Figure 8: Vallda Heberg area with central heating plant (red oval, right), four substations 521 (red circles),distribution pipes for heat supply (brown) and -load (violet), and solar heat 522 (green) between the 4 multifamily buildings and substations 1 (middle, bottom) and 3 (middle, 523 top). 524
DISTRICT COOLING 525
A district cooling system (DC) distributes chilled water in buried pipes and delivers cooling 526 energy to the substation of the users in order to meet their cooling requirements [62] . In DC, a 527 lower amount of energy is supplied with the same amount of liquid compared to DH due to 528 the lower temperature difference used in DC. Usual temperate difference is about 6 ºC 529 (usually 6 ºC/12 ºC as supply/return temperatures) or at most 8 ºC (4 ºC/12 ºC) for ice based 530 systems [17] . Consequently, DC pipes are generally larger compared to DH. A higher 531 temperature difference may be used to lower the power consumption of the distribution pump, 532 but this will increase the heat gains of the pipes [62, 63] . It is generally recommended to find 533 optimal supply/return temperatures in order to optimize the efficiency of the generating 534 cooling system and of the overall DC, as wrong temperature configuration may lead to an 535 excessive energy consumption from the cooling system [64] [65] [66] . 536 Shimoda et al. [67] showed that DC that produce large-scale and collective cooling energy 537 have a higher efficiency than conventional systems at individual premises. The total energy 538 consumption of a DC may be 8% lower compared to individual systems. The current cooling 539 demand worldwide, despite being much smaller than the heating demand, is growing 540 exponentially. It is expected that by 2020 at least 60% of commercial and public buildings in 541
Europe will be equipped with cooling appliances. The residential sector is less often supplied 542 by DC, although this may change as the climate warms and incomes rise [68] . At least 15% of 543 electricity consumption worldwide is used for cooling purposes [69] 
588
The ParcBit solar district heating and cooling system is located in Mallorca (Spain) and run 589
by Sampol Ingeniería y Obras. This system provides heating and cooling to the University of 590
Balearic Islands and the Innovation centre Parc Bit. The power plant comprises multiple 591 generation systems for heating and cooling, as well as a storage. In Table 4 key figures  592 provided by the operating company are listed. 593 594 summer/winter, allowing the collectors to provide heat to the absorption machine in summer 598 or directly cover the heat demand in winter (Figure 9 ). The absorption and the screw electric 599 chiller are cooled down by water and both use the same cooling towers, while the 600 compression electric chiller is air cooled. The storage system comprises two cooling tanks and 601 other two tanks for heating. The storage volume is very limited and hence it works more as 602 energy buffer than storage. 603 In order to operate the power plant efficiently it is required to forecast accurately the solar 606 generation from the field. To achieve such estimation for ST generation, it is needed to 607 forecast the solar irradiation [79] [80] [81] and take into consideration the ageing of the solar 608 collectors [82] . The forecast information can be used on a power plant simulator aiming to 609 improve generation strategies, reduce generation expenses and maximize revenues in 610 generation. The power plant simulator generates strategies by using a decision maker tool 611 [83] [84] [85] . This tool supports the plant manager decision process while aims to optimize the 612 cooling energy generation. 613
SOLAR COLLECTORS 614
Solar collectors connected to DH networks are mounted either on the ground or on buildings 615 roofs, depending on availability and cost. These two possibilities are described in the 616 following sections. 617
Ground-mounted collectors
618
When the collector area is large and the price of land cheap, the collectors are mounted on the 619 ground, close to the heating plant, which makes the installation easy and economical. This 620 type of solution is commonly adopted in Denmark, but also in Sweden and Austria. Ground-621 mounted collectors are arranged in rows of 10-25 modules in series [8] , which are then 622 connected in parallel. In order to maximize the efficiency of the array, its layout should be 623 such that the outlet temperature of every row is the same. Uniform outlet temperatures are 624 achieved when the flow rate in each row is approximately proportional to the row collector 625 area. Collector rows having the same composition should be supplied by the same flow rate. 626
Reaching uniform flow distribution in all operating conditions is unrealistic, so an amount of 627 non-uniformity must be accepted. According to the German standard VDI 6002 [86] 628 deviations within ±10% are acceptable. There are several methods to achieve good flow 629 distribution. One is the adoption of a Tichelmann connection (Figure 10 .b), which 630 approximately equalizes the hydraulic resistances of the different rows, but also requires 631 longer pipes and consequently additional cost. Alternatively, it is possible to install 632 mechanical balancing valves (Figure 10 .c), which are very effective, but entail higher cost and 633 longer installation time. This is the most common solution adopted in large collector arrays in 634
Denmark. Installing fewer collectors in rows which are farther away (and hence with higher 635 hydraulic resistance) may be coherent with the concept that shorter rows should be supplied 636 with lower flow rates (Figure 10.a) . However, this approach requires very careful planning 637 and precise calculation, as later adjustment would be very expensive. The European market of large solar heating systems is dominated by flat plate collectors [24] . 644
These collectors have undergone a strong development during the last years with regard to 645 quality, efficiency increase and cost reduction [82] . The collectors used in large solar 646 installations have areas of 10-15 m 2 , which make the installation faster and more cost-647 effective. Aluminium strips are commonly used as absorber, because they are easier to handle 648 and cheaper than copper [19] , but also steel and copper can be used. Given the large size of 649 the collectors, several absorber pipes are connected in parallel, running from a supply to a 650 return manifold, so to reduce the pressure loss. The collectors may have a polymer foil 651 mounted between absorber and glass cover to decrease convection losses [88] . In some cases 652 both collectors without and with foil are used, the former at the beginning of the row and the 653 latter at the end, so to achieve the most cost-effective row composition [34] . 654
More recently, collectors based on the heat pipe principle have also been proposed for DH 655 applications, as in Vidailhan (France) in 2014 [89] . The collectors used in this installation are 656 based on an aluminium roll bonded heat pipe, inserted in a double wall vacuum glass tube, in 657 order to limit thermal losses and allow high efficiency, even at high operating temperatures. 658
Efficiency between 60% and 70% are aimed at for temperatures between 80 °C and 110 °C 659
[90]. Additionally, the dry thermal contact between the heat pipe condenser and the main pipe 660 makes installation and maintenance fast and easy. 661
Depending on the climate, propylene glycol/water mixtures may be used as solar collector 662 fluid to prevent freezing. Additives are also added to avoid corrosion [8] . As higher 663 concentrations of glycol entail poorer fluid properties in terms of specific heat and heat 664 transfer, a lower concentration assuring anti-freezing protection only to a certain extent may 665 be preferred. If the fluid temperature approaches its freezing point, the pump of the solar 666 collector loop starts and the fluid circulates, with or without the input of auxiliary heat. 667
The collector rows are connected in parallel through pre-insulated underground pipes like 668 those used in DH networks. Unlike pipes for DH networks, the collector array pipes need to 669 cope with higher and more frequent temperature variations. To deal with thermal expansion 670 cycles of the pipes without risk of breakage, expansions fittings, such as expansion bellows or 671 lyre loops, are installed. Wires for potential leak tracing can be embedded in the pipe 672 insulation [8] . 673
A control strategy using constant flow and a simple on/off controller is normally used in R/R 674 configuration, where the solar heat is transferred to the return pipe of the DH network for 675 preheating purposes. An auxiliary energy source is required downstream to reach the desired 676 supply temperature for the DH network, even during most of the summer. Solar collector 677 arrays built in Denmark between 1988 and 1996 used this control strategy [91] . "Matched 678
flow" principle has become the dominant control method with collector array connected as an 679 R/S system. Constant outlet temperature is achieved by regulating the flow rate based on the 680 output of a simple collector array model with measured solar radiation, inlet fluid and air 681 temperatures as inputs [91] . The collector array pump starts if one of the following conditions 682 is met: 683
• the temperature at the outlet of the rows is higher than the temperature at the bottom of 684 the buffer tank and/or the feed-in temperature to the DH network by a pre-set value; 685
• the energy output from the collector field calculated on the basis of measured inlet 686 temperature and weather parameters is higher than a minimum pre-set value. 687
Due to its large heat capacity, the solar collector loop needs some time before reaching the 688 desired outlet temperature. Hence, in the start-up phase, only the collector array pump is run. 689
The pump on the DH side is turned on only when the temperature from the array is several 690 degrees higher than the temperature on the DH side. If the solar irradiance is not high enough 691 to reach the DH supply temperature, the water warmed up by the solar heat is mixed with hot 692 water from the auxiliary boilers, which has a higher temperature than the DH requirements. 693
The heat from the solar collector loop is transferred to the DH side loop through large flat 694 plate heat exchangers. To maximize the heat transfer, the water flow rate on the DH side loop 695 is such that an equal heat capacity rate on both sides of the heat exchanger is maintained [92] . 696
The temperature difference across the heat exchanger is usually 3−6 K [8]. 697
On a seasonal basis, the control strategy aims at supplying energy at the supply temperature of 698 the DH in summer time (so that no auxiliary energy is required) and preheating the return of 699 the DH in winter. The solar heat is transferred to the DH network whenever possible. If 700 excess heat is produced, this is delivered to the storage. Another important aspect for roof-mounted collectors is the aesthetics. These installations are 726 normally visible from other buildings or from the surroundings, so they should harmonize 727 with the rest of the building. 728
As the roof area of a single building is limited, the complete collector array may be distributed 729 on several buildings. Thus, an important design consideration is whether to connect several of 730 these collector fields together to a common connection to the DH network, or to connect them 731 individually. 732
STORAGE 733
Without storage, the potential solar fraction of a SDH system is very limited due to the limited 734 synchronicity between solar radiation and heat load. Thus, storage is required to bridge the 735 mismatch between the two. Short term storage, normally in the form of steel tank(s), makes it 736 possible to increase the solar fraction of the system up to 15−20% [8, 46] . It can also be used 737 by the auxiliary energy system, being charged in periods of lower demand and discharged to 738 cover peak demand (e.g. in the early morning). As an advantage, the required power of the 739 auxiliary energy system is lower. Higher solar fractions (up to 90%) are proven to be 740 achievable through a seasonal thermal storage [50] . The storage is charged in summer, when 741 excess solar heat is produced, and discharged whenever it is hotter than the operation 742 temperature of the DH network and the collectors do not produce enough heat. Due to economies of scale, large ground-mounted collector fields are usually characterized by 864 the lowest specific cost, compared to other ST systems. Additionally, enhancements in the 865 production and installation have progressively decreased the investment cost of these systems 866 in the last years, with current prices ranging between 200 € and 300 € per square meter of 867 collector. Figure 13 shows the trend in investment cost per unit area of collector for large 868 solar collector fields in Denmark in the last 15 years. A remarkable cost reduction has been 869 achieved especially in fields equipped with seasonal storage, due to the improved know-how 870 and to the larger storage volume, which decreases the specific cost. 871
Likewise in solar roof-mounted systems the learning curve and cost reduction of the solar 872 collectors has lowered the specific cost in recent years. Currently the price per square meter 873 ranges between 500€ and 1000€ depending on the installed area [114] . However the largest 874 registered roof-mounted system cost twice as much as a ground mounted system of the same 875 size. 876 
CONCLUSION 891
Based on the comprehensive literature review and study cases proposed, the conclusion can 892 be summarized as follows: 893
• Large scale centralised solar thermal plants for district heating are now fully 894 commercially viable given the right financial boundary conditions, as is the case in 895
Denmark. This has led to a vibrant market, large cost reductions and improvements in 896 field control. 897
• These systems all have ground mounted collectors, which lead to lower costs than for 898 roof mounted collectors due to the possibility of using larger collectors and a more 899 rational and simpler mounting as well as several other practical issues. 900
• System integration is very dependent on the individual district heating/cooling 901 network, while the collector field itself is more dependent on ground or roof mounting. 902
Many different configurations can be found in the literature, and no common system 903 design has yet been established. This is especially true for systems with roof mounted 904 collectors, where the collector fields are often distributed on several buildings. 905
• Seasonal storage costs have decreased significantly in recent years, and there is a trend 906 to use pit storages for this purpose. However, diurnal storage is still dominant in all 907 systems, especially in block heating systems. 908
• Centralized systems with ground mounted collectors together with seasonal storage 909 have a lower levelized cost of heat than block heating systems with roof mounted 910 collectors and diurnal storage. 911
• 
